The effect of Sm addition on the microstructure and superconducting properties of Y-Ba-Cu-O (YBCO) bulk superconductors has been studied. Nominal composition: 1 mol YBa2Cu3O 7−δ + 0.25 mol Y2O3+ 1 wt% CeO2 was enriched with different amounts of SmBa2Cu3Oy powder with the aim to increase critical current density, Jc, especially in higher magnetic fields by introducing additional pinning centers. Single grain YBCO bulk superconductors with SmBa2Cu3Oy (Y123-Sm) addition were prepared by the optimized top seeded melt growth process. Microstructure analysis, performed by polarized light microscope, revealed that SmBa2Cu3Oy addition leads to a higher amount of slightly coarser Y2BaCuO5 particles, which is related to lower critical current densities (Jc ≈ 6 × 10 4 A/cm 2 ) of the YBCO samples with SmBa2Cu3Oy addition in low magnetic fields. On the other hand, an enhancement of critical current density, Jc, in higher magnetic fields was observed for Y123-Sm samples. Moreover, a maximum trapped magnetic field, Btmax, of 564 mT at 77 K in Y123-Sm, x = 0.0025 sample (Ø17.2 mm) was 43% higher than that for YBCO sample without any addition.
Introduction
Various practical applications of Y-Ba-Cu-O (YBCO) bulk superconductors are mainly based on their ability to trap large magnetic fields [1, 2] . It has already been shown that these materials can trap magnetic field by order of magnitude higher than the best ferromagnets [3] . Recently, Durrell et al. have reported the largest trapped field to date of 17.6 T at 26 K, in a stack of two Gd-BaCu-O (GdBCO) superconducting bulks (Ø25 mm) [4] .
Generally, the magnitude of trapped magnetic field in a bulk superconductor is proportional to the critical current density, J c , and a diameter of a single grain sample. As a results, general processing aims of these materials consist in an enhancement of critical current density, J c , of large single grain bulks.
The top seeded melt growth (TSMG) process well accomplishes the second requirement and large single grain YBCO bulk superconductors up to 10 cm in diameter have been fabricated by this process [5] . Additionally, an enhancement of the critical current density, J c , can be reached by controlling the size, volume fraction, and distribution of secondary phase particles, very often Y 2 BaCuO 5 (Y-211) [6] or Y 2 Ba 4 CuMO z (Y-2411, M = Nb, Ta, Mo, W, and others) [7] . Besides, it is possible to introduce the additional pinning centers for example by irradiation [8] 
were used in nominal composition of the Y123-Sm samples. Precursor powders were mixed for 30 min in a mixer and then intensively milled for 15 min in a friction mill. The mixed powders were uniaxially pressed into the cylindrical pellets of 20 mm in diameter. The samples were treated in a chamber furnace using the following time temperature regime: heating up to 940
• C/dwell 24 h, heating up to the maximum temperature 1040
• C/dwell 1 h, fast cooling to a temperature 12
• C higher than the temperature of isothermal growth,
• C for the samples Y123-Sm, x = 0.02 and 0.05), slow cooling to the isothermal hold temperature, T is , dwell 20 h, slow cooling to 944
• C and finally cooling to the room temperature with furnace. For the TSMG process NdBa 2 Cu 3 O z single crystals were used as nucleation seeds.
The microstructure of the cross-section of the as-grown samples along the crystallographic c direction was studied by polarized light microscope. Small specimens for oxygenation process, performed at 400
• C for 200 h in a flowing oxygen atmosphere, and magnetization measurements were cut 0.5 mm below the top surface of the a-growth sector of prepared bulks at a distance of 3 mm from the seed. They had a shape of a slab with the dimensions 1.5 × 1.5 × 0.5 mm 3 . The smallest dimension was parallel to the c-axis of the crystal.
The magnetization measurements were performed by a vibrating sample magnetometer with magnetic fields up to 6 T applied parallel to the c-axis of the crystal, at the temperature of 77 K. The critical current densities, J c , were calculated using the extended Bean model for a rectangular sample [13] . The critical transition temperatures, T c , were determined from the magnetic transition curves at 50% of the low temperature magnetization. The magnetizations were measured in an applied external magnetic field of 2 mT after zero field cooling. The transition widths, ∆T c , were determined from the same curve subtracting the 90% and 10% of the low temperature magnetization.
The trapped magnetic field distribution of the bulk samples, oxygenated at 400
• C for 200 h in a flowing oxygen atmosphere, was mapped by the Hall probe sensor. The samples were cooled to liquid nitrogen temperature, in a magnetic field of 1.4 T applied parallel to the caxis. The trapped field profiles were scanned 15 min after switching the external field off at a distance of 0.1 mm from the sample surface. Figure 1 shows the top surface macrographs of the Y123 (without any addition) (a) and Y123-Sm, x = 0.0025 (Sm-123 addition) (b) single grain samples prepared by the optimized TSMG process. No spontaneous parasitic grain nucleation was observed showing the suitability of the used TSMG process. Additionally, a shrinkage from an initial diameter of the pellet of 20 mm to a diameter of 17.2 mm of the final bulk samples was observed. It should be note that a shrinkage is a typical feature of the samples prepared by the TSMG process and is related to the release of gases present in the pressed pellet as well as oxygen gases which are a product of chemical reactions during the fabrication process. Moreover, a slight loss of a melt, mainly during the dwell at maximum temperature (T max = 1040
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• C), may contribute to a shrinkage.
In order to determine the influence of Sm addition (in the form of Sm-123 powder) on the superconducting properties, a series of magnetization measurements was performed on prepared samples using a vibrating sample magnetometer. It should be noted that all the specimens were cut from the equivalent position within the bulk (as described in Sect. 2) and they were all oxygenated at same time under the same thermal conditions in order to keep the comparison meaningful.
The results of the magnetization measurements are summarized in Fig. 2 and Fig. 3 . The critical temperatures, T c , of the samples with different Sm concentrations were not found to be significantly influenced by Sm-123 addition when compared to Y123 sample without any addition (x = 0, T c = 90.9 K). Moreover, Sm-123 addition in the studied range does not influence the width of superconducting transition, ∆T c , and ∆T c is around 0.5 K for all samples. Microstructure analysis, performed by polarized light microscope, revealed that Sm-123 addition leads to a higher amount of slightly coarser Y-211 particles (Fig. 4) , which is related to lower critical current densities (J c (0 T, 77 K) ≈ 6 × 10 4 A/cm 2 ) of the YBCO samples with Sm-123 addition in low magnetic fields when compared to YBCO sample without any addition (J c (0 T, 77 K) = 6.6 × 10 4 A/cm 2 ) [6] . On the other hand, an enhancement of critical current density, J c , in higher magnetic fields was observed for Y123-Sm, x = 0.001, 0.0025, 0.05 samples. The enhancement of J c may suggest the presence of some additional pinning centers created by Sm substitutions.
In spite of relatively low enhancement of J c , all the samples with Sm-123 addition possess a trapped magnetic field higher than that for YBCO sample without any addition (Table I) . A maximum trapped magnetic field, B t max , of 564 mT at 77 K in Y123-Sm, x = 0.0025 sample (Ø17.2 mm) was of 43% higher than that for YBCO sample without any addition (Fig. 5) . 
Conclusions
YBCO bulk superconductors with Sm addition were prepared by the optimised TSMG process in the form of single grains. The critical temperatures, T c , as well as the width of superconducting transitions, ∆T c , were not found to be significantly influenced by Sm addition. Microstructure analyses revealed that Sm-123 addition leads to a higher amount of slightly coarser Y-211 particles, which is related to lower critical current densities of the Y123-Sm samples in low magnetic fields when compared to YBCO sample without any addition. On the other hand, an enhancement of critical current density, J c , in higher magnetic fields was observed for Y123-Sm, x = 0.001, 0.0025, 0.05 samples. Higher values (up to 43%) of the maximum trapped magnetic fields measured in all the Y123-Sm samples represent a positive influence of Sm addition on properties of YBCO bulk superconductors.
